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FOREWORD

This report was prepaféd'by the Polymer Branch, anmetallic Matefialé

Division. The work was initiated under Project No. 2419, "Nonmetallic and . - o

Composite Materials," Task No. 241§04, Work Unit Directive 24190415, -
"Structural Resins." It waé adﬁiﬁistéred undér the direction of thé
- Materials Laboratory, Air Force Wrigﬁt AeronauticalvLabofatofies,
Wright—Patterson Air Force Base,vohio, with'Dr.‘F.'E; Arnold as the AFQAL/ML  7‘
Work Uni# Scienfist; This repoft descfibes work conducted’from Apri1j1981“kv vM
to Augﬁst-1982. | | B
The work described‘in this report was condﬁcted by Dr;rF.vL. Hedﬁéfg and -
Marilyn R. Unroe of the Materials Labofatory.» The manuscript:Was released By'

the authors in December 1982, for publication aé a technical report.
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'SECTION I

INTRODUCTION

A large variety of‘acetyiene termiheted (AT) reein eystems have been prepared
and sfudied in‘receht years (Reference i); The properties of thisefamily’of
addition—éuring resins have indicated arhighvpdtential fer structufal composite
applications in aeroepace Systems. The earliest AT'resins were based uéon imiee
or quinoxaline technology. Althoegh tﬁeée resins show 500°F (260°C) use temper4
ature potential, they are curfently rathe; expenéive. For maﬁy stfuetufaly |
eompoéite applications, a 350°F (177°C) use temperature requirement is specified.'

. The state—of-the-art resin used'to’meet‘this requirement:is epoxy. its mejor,
attribute is its coﬁbination of void-free addition cure,’eese ef pfocessigg, geod o
mechenical properties, and low cost. It was diéeovered, however, that epoxy resins
abserb moisture in high humidity environments, causing‘a’deteriofaﬁéenyin |
ﬁechanical properties at ele&ated tempetatutesk(275—300°F),(ﬁeference 2);

Air Force sponsored research in recent‘years has been airecﬁed towerd the
discovery and development of new composife resins which woﬁld display all of the
advahtages of epoxy resins, but withqut the moisture Sensitiﬁity problem; ~ One of
the first resins to show such petehtial'was the AT resin; 4;4f—bis(3—ethYﬁy1phenoX§)— B
pﬁenylsulfone (ATS);(Reference 3). 1Its initial limitatien, hQWever; wes Qery high j'
cost. As a result of contxactual reseaféh for the Air Foree at Gulf Reseércheand,
Development Company, a new, 1qw cost synthesis approach to Afs was develdped‘

(References 4 and 5) as shown in Equation 1. The preparation utilized readily
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available, inexpensive starting materials, 4,4'-sulfonyldiphenol and a mixture of
1,3-dibromobenzene (95%) and 1,4-dibromobenzene (5%), which were reacted together
in an Ullmann ether synthesis to form a mixture of 4,4'-bis (3~bromophenoxy) -
phenylsulfone (BPDS) and its oligomers (OBPDS). The BPDS-0OBPDS mixture was then
converted, by replacement of the bromine atoms with terminal acetylene groups in

accordance with Equation 1, to a mixture of ATS and its corresponding oligomers




‘The critical step in the Gulfrsypthetfc route was the BPDS/OBPbesyntﬁesde,
as the avefage oligomer length was'estabiished at this point. dligomerfledéth
selection is neeeSSary in order £§ obtain the desired‘balance between'ease of ’
processing; which is favored,bj shdrtef oiiéomers, meehanicalfpropeffies;’theﬂ
are favored by longer oligomers,‘and uifimate use‘temperature’aftefkdureh'ﬁhichk?
ie favored by shorter oligomers;rlTﬁe conditions‘deveioped by Gulf for synthe5121ng
the BPDS/OBPDS mixture cons1sted of reaction of 4 4'—su1fony1d1phenol w1th
potassium hydroxide in sulfolane to form the bls-salt,'followed by add1t10n’of'd
the dibromobenzene mixture and'cupfous chlefide fo effect fhe Ullmann'ethef ‘
condensation. The reaetion under fhese coﬁditions afforded'BPDS/OBPDS mixtﬁres,f.
enabling this concept'of' ATS syhthesis t¢ be'established. However; nonreproducfﬁle
and 1ncomplete conversions to BPDS/OBPDS were obtalned and no st01ch10metr1c
control of the BPDS/0OBPDS ratio was achleved It was the goal of thls(research to R
find a method of synthe31s for BPDS/OBPDS mlxturee whlch would afford
(1) :  Reproducibly hlgh ylelds, (2): St01ch10metr1c control of the BPDS/OBPDS
ratio,.and (3): A general route to BPDS/OBPDS analogues based upon other :
avaiiable bis-phenols. A valuable aid to this effort was the comprehensive rev1ew

of the Ullmann reaction ‘by Moroz and ShVartsberg (Reference 6).




SECTION II

RESULTS AND DISCUSSION

Initially a series of Ullmann ether condensations between 4,4'-sulfonyldiphenol
(SDP) and 1,3-dibromobenzene (DBB) were performed in which the effects of base,
copper catalyst, the absence or presence of a phase transfer catalyst (PTC) and
a co-solvent on thevformation of (BPDS) and its oligomers (OBPDS) were studied.

Some of the reactions involved the in situ generation of the dipotassium salt 6f

SDP, while the ;emaining reactions maintained the free diphenol (SDP) as the

reactant. Potassium carbonate was used instead of sodium carbonate since sodium
cations were found to promote the formation of the monosubstituted salt (Reference 4).
A molar excess (20:1 to 53:1) of DBB:SDP was maintained. Results of the thin layer
chromatographic (TLC) analysis were noted as positive (+) for the presence‘of and
negative (-) for the absence‘of BPDS, OBPDS, and the intermediate reaction

product, 4-(3-bromophenoxy)-4'-hydroxydiphenylsulfone (Equation 2).

OO0

From the data of Table 1, which is a summary of the experimental conditions,

[~ N -]

(2)

BPDS and OBPDS are formed when either cetyltrimethylammonium bromide (CTAB) or
: benzyltriethylammonium chloride (BTAC) is used with cupric or cuprous chloride.
The use of the free phenol or the dipotassium salt of the phenol as a reactant is
not critical to the formation of BPDS and OBPDS since the products are formed in
both types of reactions (Experimental, Runs #140, #143, #144, #146). Moreover,

when 2,6-lutidine was used as a basic solvent in the presence of BTAC and Cu+1,

BPDS was generated (#144). 1In contrast, no BPDS was formed when BTAC was absent

+2
and Cu =~ was the catalyst present (#141).
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Finally, BPDS or OBPDS‘was generated only once when CTAB was present in
the reaction (#146). Although these same reaction conditions were repeated
in #151, it appears that the detection of BPDS formation in #146 and #151 was
a function of time.

Two séts of reactions are of particulér note. TFirst of all, no BPDS or
OBPDS was formed when the PTC, Cu+1, and 2,4,6-collidine were present in the
reactions even with extended reaction time (Table 1, #147, #148). Second, in
the reactions involving ethylene glycol as the co-solvent and excess solid bases
to aﬁsorb any water generated during the reaction (Tabtle 1, #149, #152, #153),
BPDS was not formed and only compound (Equation 2) was formed.

Although the variefy of specific conditions under which the Ullmann ether
synthesis was attempted is a large source of discussion in itself, the ultimate
drawback of all of the trials using PTCs is the presence or potential presence
of products derived from reaction of SDP with the PTC, that is, 4-benzyloxy-4'-
(3-bromophenoxy)diphenylsulfone (Equation 3) or 4-(3-bromophenoxy)-4'-
methoxydiphenylsulfone (Equation 4). Both (Equation 3) and (Equation 4)
exhibit similar TLC behavior with Rf values between BPDS and OBPDS dimer.

The substituted products are formed by the substitution of functional groups

gopelole
gepolon

) (3)

(4)




from the PTCs for the phenolic proton. The benzyl—suBstitﬁted‘prbduct was
g etor1e : i R o D ‘
initially characterized by "H NMR (Figure 1), which integrated to an aromatic/
methylenic ratio of 8.3:1 (8.5:1 theoretigél), and by mass spectrum whi¢h

indicated m/z values indicative of halogen monosubstitution and fragmentation

(Experimental, Run #143). This sample was then used as a-referenCé standard for -
TLC in subsequent reactions using - BTAC.
The methoxy-substituted product (Equation 4) was initially‘charactéfized by

1 ~ L . S
HNMR (Figure 2), which integrated to an aromatic/methyl ratio of 4:1 (4:1

theoretical), and by typiéal mass spectra values (Experimental,‘Run #151). The

éample of (Equation 4) was also used as akreferenCe standard for‘subsequent
reactions using CTAB. -HOWéver, Table l:shows that the other fgaéti§n$ uéiné’
CTAB did;not form any BPDS; therefore, the standard of (Equafioﬁ 4) was not;neédéd.

The mass spectrum of what was‘assﬁmed to be BPDS in #151‘did not coiﬁcidék
with the mass spectrum of BPbS in #143 thchvwas used aé a TLC sﬁandérd‘for’ali
Ullmann reactibns using SDP.- Although this.impurity wasklocatéd é#'é éi@ilér‘Rf.. S i
value as the BPDS standard, its mdlecularﬁweight by thg masg spectrum waé 390~>
(ﬁw BPDS: 560), iﬁs strucfuré was not eluéidated, andrho'BPDS appearedltb beApréééﬁﬁ
(Table 1, #151). o o |

The final trial reaction which was attempted was the reaction of DBB/SDP

using 2,4,6-collidine and an amount of cuprous oxide that waS'équimblar'to the

SDP (Experimental, #154). No PTC was preéent in this trial. As the reaction

proceeded, it was noticed that the speéd at which BPDS and (EquatidnkZ) wére

forming was quicker than in the preceding reactions. Although'the'final yieid'

was low (15%), the amount of product Was>significant1y higher than the yields

obtained from some of the runs using‘PTCs (3-5%).
Further experimentation on the preparation of BPDS/OBPDS using cuprous
oxide and 2,4,6-collidine concluded that the maximum yields of BPDS/OBPDS

were obtained using a 2:1 equivalent excess of cuprous oxide:SDP. The amount
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of collidine used was variable based on the total liquid available in the
solution. 1In additiogi a standard work-up was established using carbon
tetrachloride to isolate the bulk of the solid impurities while liberating the
product, warm HC1l to dissolve any copper solids not captured in the filtration
through-Kieselguhr, and 107 aqueous KOH to extract any compound (Equation 2).

Table 2 is a summary of the initiai reaction conditions for the
preparation of BPDS/OBPDS, while Table 3 summarizes the results of the
gravimetric determinations of the amounts of EPDS and dimeric and trimeric
OBPDS obtained from column chromatography. The "trimer" fraction also contains
all of the remaining higher oligomers. Table 3 also includes the total amount
of (Equation 2) recovereéd, the copper content of the crude products, the total
yield and monomer/olig6mer ratio of each preparation.

Total yield is calculated for the BPDS/OBPDS since a calculation of
yield based on the theoretical yield of monomer alone is meaningless. Other
desired products, the 0BPDS, are produced in the Ullmann ether synthesis, and
they, too, must be accounted for since two or more moles of SDP are consumed
per mole of OBPDS produced.

The calculation of a total yield includes the oligomeric products
through the intermediate calculation of the "mole fraction". The "mole
fraction" is a value which adjusts the moles of product (monomeric or oligomeric)
produced against the moles of diphenol used initially.

From the data of Table 3, it is observed that total yield decreases as the
DBB:SDP ratio decreases. One éxplanation for this observation is that the
copper salt of the diphenol has difficulty finding a proximal DBB with which to
react. Based on the information known about the Ullmann ether synthesis, the
possibility of the copper salt finding a DBB molecule is further reduced by
debromination of the aryl halogen at elevated temperatures (Reference 7). Some

debromination was evident in the mass spectrum of BPDS (Experimental, General

Preparation of BPDS/OBPDS).
10
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In addition, as the DBﬁ:SDP decreaées, the aﬁoﬁnt ofbmohoﬁer decreases .
as evidenced by the yield‘of monomer (g) and the BPDS/OBPDS ratio. Agaih;
at lower DBB:SDP‘ratios, the coéper sait of the phenol has difficulty'findiné
a DBB molecule with whiCh'to rééct. At lower DBB:SDP ratios thé amounﬁfof -
DB# has become a nearly limiting factor, and the coppér Sait'of,SDf is ﬁofe'l:
likely to find a molecule‘of BPDS witthhich to reactj'thus increaéihg tﬁe
- amount of oligbmerkformed. | o |

‘When reaction times are similar, the reproducibility of the total .

~yield and monomer/oligomer ratio are consistent for each DBB:SDP rétio.
For example, even though.reactipn #164 is a scaled-up version of reaction #161,

the reaction times were-nearly the same (Table 2), the total Yield differs only ;‘

by 0.65%, and the monomer/oligomer ratio is the same (Table 3). Two other
examples of the good reproducibility of the reaction are a£ the:DBB:SDP ;atios

of 33:1 and 6:1 (Tables 2 and 3).

~ When the total yield'vs.‘the DBB:SDP ratio is’plotted (Figﬁre 3), a curvé':

devélops which is linear at lower DBB:SDP ratios and flattens to a near

maximum conversion at 20:1 DBB:SDP. This curve reinforces the idea that at

the higher DBB:SDP ratios, total conversion reaches a maximum, Whilé at

lower DBB:SDP ratios conversion to BPDS and OBPDS is inefficient due to the
paucity of available reactants, solvent effects, the nonreactivity of SDP
which may cause decomposition in time and an increase in theréide reactions;

or the solubility of the copper compléxes of the_oligomers.
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. SECTION III

'CONCLUSIONS

) Thé new preparative mefhod.for BPDS/OBPDS deSCribgd inbthié'report'pfbVidesk~
a‘conveniént réuté to ATS resin sYstemé‘with'tailored average moléculéf‘weight;
Ttﬁe only limitation appearé to be the substantial’dr@p‘in‘yield fof'QBPDS
contenté highér than 50%. A further é&Vantage of the pfeﬁarative‘metﬁod‘isnitsk
generalness; It has been fbund to be applicable to thé‘reactisn of
1,3-dibromobenzene or l,ﬁ-dibfomobenzene both with‘qther lbw—cést bisQPhénbls:
>such'as‘résorcinol, bis—phenol A and 4;4'—thiodi§henol fé synthesingfhé'A‘
bromiﬁated precuréors;of other AT systems, aé well as‘with'mono—phénois such és
3—phenokyphenol to syﬁthesizé’precursofs to monofunctioﬁai‘AiVC6mpounds\used és
‘feéctive diluents (Reference 8). ‘An'invéstigation is‘cufrentiy'uhde?ﬁéy to |

defermine the amenability of the new preparative method to scale—up.’
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SECTION IV

EXPERIMENTAL

Reagents
Deuterochloroform (99.6% gold label), 4,4'-sulfonyldiphenol (98%) (SDP),

2,4,6-collidine, 2,6—1utid1ne? benzyltriethylammonium chloride (BTAC),
cetyltrimethylammonium bromide (CTAB), and cuprous oxide (96.4%) were
purchased from Aldrich Chemical Company. The 1,3-dibromobenzene (DBB) used
was purchased from either Aldrich Chemical Company (97%) or Eastman Kodak
Company (purity unknown). The bisphenol A (BPA) was purchased from Eastman
Kodak Company. Cuprous chloride (97%7) and magnesium sulfate (anhydrous) were
purchased from Fisher‘Scientific Company. Cupric chloride (reagent),
potassium carbonate (reagent, anhydrous), kieselguhr, and ethylene glycol (99%)
were purchased from Matheson, Coleman, and Bell. Silica gel (Woelm DCC) was
purchased from ICN Nutritional Biochemicals. Thin layer chromatography (TLC)
strips made of silica gel with UV-254 indicator were purchased from

Brinkman Instruments Inc. All solvents'and inorganic acids and bases used
were reagent grade. All starting materials, catalysts, organic and inorganic
reagents were utilized without additional purification.

Instrumentation

Infrared (IR) spectra were performed with a Beckman Model IR-33
spectrometer using potassium bromide (KBr) films at concentrations of 27 by
weight. Proton nuclear magnetic resonance (1H NMR) spectra were recorded on
a Varian EM-360A spectrometer using 107 weight/volume solutions in

deuterochloroform (CDCl3) with tetramethylsilane as an internal standard.

16
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Melting points were obtained using a Mel-Temp tapillaty melting point
apparatus. Elemental dnalyses and emission spectra werevpétfdrmed by

the Analytical Branch of the Air Fdrce Wright AeronautiCAikLaboratbries,”

. Wright-Patterson Air Force Base, Dayton, Ohio. Chemical'iohization‘@ass"'
spectra (CIMS), which were aiso done by the Air Force Wright AerqnauticéldA
Laboratories, Were performed on either a Finnegan 4021 GC/MS/DS orfa’_: |
DuPodt 21-490 mass spéctrométer'using a methane pufge.

Reaction of DBB, SDP, KyCO3, CuCl, and BTAC (Run #140)

‘To a dry 25 ml threé—necked‘rodndbottom flask fitted with‘fefldx
condenser, nitrogen burge, and thermometer was added ﬁBB (5.66 g, 24 mmdijt
The solvent was stirred at room temperature under nitrdgéﬁ Before SDP‘V
,(l.OO-g, 4 mmOl), cupric thldride (0;05 2, 0.4 mmdl), and potaésium’d )
carbonate (1.66 g, 12 mmol) were added to the flaSk.‘ Nb detectable“
exotherm was noted‘with the addition of base .to thé bpaqﬁe peaéh sdlution;;
The flask was heated by oil bath to an internal temperature of 150° C
: under.a nltrogen atmosphere until TLC (2’1 CHZCl :Hexane) showed the
formation of BPDS or 4 (3—bromophenoxy) 4'hydroxyd1phenylsu1fone (Equatlon 2)
At 22 h BTAC (0.09 g, 0.4 mmol) was added to the reaction. At 29 h TLC
indicated the formatlon of BPDS in the reaction. However, attﬁﬁrhithdre"
ﬁas no appreciable increase in BPDS by TLC and the ptesénce of‘éomﬁddnd E
(Equétion 2) was not determined. | - |

Reaction of DBB, SDP, K2C03; CuCl and BTAC (Run #143)

To a 25 ml three-necked roundbottom flask fitted ﬁith refiﬁx condensér,
nitrogen‘purge; and thermometer was added DBB (15.60vg,766 mmol).‘,Thevéolvent

was stirred at room temperature under a nitrogen atmosphere before the

17




addition of SDP (0.50 g, 2 mmol); potassium carbonate (0.83 g, 6 mmol),
cuprous chioride (0.02 g, 0.2 mmol), and BTAC (0.06 g, 0.3 mmol). The
~clear peach.solution with undissolved K2003 was heated to an internal
temperature of 170°C under nitrogen until TLC (CH2012) on a silica strip,
which was developed two times after activating the strip in a 100°C
convection oven for one minute, had shown the absence of SDP and the
formation of BPDS. By 69 h a substantial amount of BPDS was formed

along with a comparable amount of an impurity [compound (Equation 3)] which
occurred immediately below BPDS on TLC. The DBB was distilled off at
reduced pressure and the residue was extracted with methylene chloride
(2x15 m1l). The exfract was poured into refluxing pentane (150 ml). The
pentane was decanted from the oily residue and evaporated to dryness. The
residue from the pentane decantate was chromatographed on a silica column
using carbon tetrachloride to remove residual DBB and methylene chloride
to remove the BPDS and compound (Equation 3) as separaté bands. The

BPDS and compound (Equation 3) residues were dried in a 40°C oven for 2 h
under reduced pressure. Analysis of 4-benzyloxy-4'-(3-bromophenoxy)
diphenylsulfone [compound (Equation 3)]: mp 122-125°C; 1H NMR 66.7-8.1
(m, aromatic, 17 H), 5.11 (s, methylene, 2 H) (Figure 1); mass spectrum,
m/z (relative intensity) 497 (100, M+1, 81Br), 496 (71, M, 81Br),

495 (100, M+1, 79Br), 494 (25, M, 79Br), 435 (19, 81Br), 433 (19, 79Br),
247 (+302Ar0CH2Ar, 30). Analysis of BPDS: 1H NMR 66.7-8.1 (m, aromatic,
12 H); mass spectrum, m/z (relative intensity) 563 (17, M+1, 81Br), 562

81 :
(58, M, ""Br), 561 (48, M+l, 81Br 793:), 560 (100, M, 81

7 7

Br 79Br), 559

8
(47, M+1, 9Br), 558 (55, M, 9Br), 313 (22, M-ArOArBr, 1Br),

311 (24, M-ArOArBr, 79Br).
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Reaction of DBB, SDP, K,CO;, CuCl and CTAB (Run #146)

To a 25 ml three-necked roundhottom flask fitted‘with reflux condenser;

‘n1trogen purge, and thermometer were added DBB (15. 60 g, 66 mmol) and SDP ‘
‘(0.50 g, 2 mmol). The solution was st1rred under a nltrogen atmosphere at,
room temperature until the SDP was suSpended The follow1ng reagents were

then added: potassium carbonate (0. 83 g, 6 mmol), CTAB (0 07 g, 0.2 mmol)

and Cuprous chloride (0.02 g, 0.2 mmol). No exotherm was noted w1th the'
additlon of base or catalyst. The flask was heated‘under‘ahnitrogen : |
’atmosphere-to an internal temperature of‘170°c until’TLQ’(CHZClZ v’p¢ ,’r.:r : knfikﬁh
(Experimental, Run #143) indicateddthe presence Of'BPbS‘or‘(Equation 2). | g

Only (Equation 2) was present by TLC at 24 h. By 92 h BPDS OBPDS

(Equation 2), ‘and a cleavage product with a similar Rf value as

(Equation 3) (Experimental, Run #143) were formed;

Reaction of DBB, SDP, K2C03, cuc1,'Cu012, CIAB and Ethylene Glycol
(Run_#149) , , '

To a 100 ml three-necked roundbottom flask fltted w1th reflux condenser

nitrogen inlet, and thermometer were added ethylene glycol (22 40 g 361 mmol),

pot3351um carbonate (1. 66 g5 12 mmol), and SDP (1. 00 g, 4 mmol) ' The‘SOIutlon

was stirred under a n1trogen atmosphere at room temperature ‘until the solids

dissolved. To the clear pale peach solutlon were added DBB (31.20 g,

132 mmol), cuprous chloride (0 04 g, 0.4 mmol) and CTAB (0. 14 g, 0. 4 mmol)

When the CTAB was added the two phase system was homogenized and the solutlon :

‘was changed to an opaque pastel yellow. The flask was heated to l70°
under nitrogen unt11 TLC on a silica strip (activated in a 100 C oven for -

one minute and then developed firét in ethyl ether’and then in methylene -

chloride)_indicated the presence of BPDS. At 16 h onlv a slight amount'
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of (Equation é) was present. At 25 h enough‘cuprous chloride was added to
make a total of 0.12 g (1.2 mmol) added to the reaction. TLC at 40 h
showed that no BPDS had formed. Enough cupric chloride (0.16 g, 1.2 mmol)
was added at 40.5 h to equal the molar amount of cuprous chloride. No
BPDS was formed by 63 h; only (Equation 2) was present by TLC.

Reaction of DBB, SDP, KZCOB’ CuCl, and CTAB (Run #151)

To a 50 ml three-necked roundbottom flask fitted with reflux condenser,
nitrogen inlet, and thermometer was added DBB (31.20 g, 132 mmol). The
reactant was purged under a nitrogen atmosphere at room temperature before
the addition of SDP'(l.OO g, 4 mmol) and potassium carbonate (3.31 g, 24 mmol).
"The solution was stirred for an additional five minutes before cuprous
chloride (0.04 g, 0.4 mmol) and CTAB (0.15 g, 0.4 mmol) were added. The
flask was heated to an internal temperature of 170°C until TLC (CH2C12)

(Experimental, Run #143) indicated the presence of BPDS. By 66 h BPDS, OBPDS,

(Equation 2), and a suspected cleavage product, 4—(3—b£omophenoxy)-4'-
methoxydiphenylsulfone (Equation 4) had formed. The reaction was poured
into water (150 ml) and a thick dark beige solution was formed. The
solution was extracted with methylene chloride (4x50 ml). The methylene
chloride was washed with water (2x125 ml) and stripped to dryness by
rotary evaporation to yileld 0.92 g crude product. The crude product was
chromatographed on silica gel (490 g) with carbon tetrachloride to
remove DBB. The BPDS was stripped from the column with 4:1 methylene
chloride: carbon tetrachloride. The suspected cleavage product and OBPDS

were removed as separate bands with methylene chloride. Analysis of

(Equation 4): 1H NMR 86.75-8.1 (m, aromatic, 12 H), 3.85 (s, methyl, 3 H),

20
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1.25 (s) (Figure 2); mass spectrﬁm;’m/z (rélative inteﬁsitY) 421 (100,

81 79 79

81 . , - Lo |
M+L, "'Br), 420 (63, M, Br), 419 (86, M1, "“Br), 418 (46, M, Br),

-171 (+SOZArOCH3, 30). Analysis of unknown impurity of MW 390: mass

'spectrum, m/z (relative intensity) 391 (100, M+1), 313k(77, M—Ar),4vv
279 (36), 205 (49), 149 (61), 91 (53). |

Reaction of DBB, SDP, K CO,, CuCl, CTAB and Ethylene Glycol (Run #152)

"To a 100 ml three—necked‘roundbdttom flask fitted with a’nitrogen‘
iﬁlet and a fractionating column Wefé added SDP (1.00 g;'4 mmol), énd
ethylene glycol (22.40 g, 361 mmol);’~The solution was stirred‘atVrdﬁﬁ ‘ ’: :“":v E”, ;
temperéturé under a nitrogen atﬁosphere for five minutes’Before‘the“‘ | -
addition of potassium carbonate (3.32 g, 24 mmol), CTAB‘(O;15 g, 0.4 mmoi)
and toluéne (15 ml1). The flask‘ﬁés‘heated to 85°Ckuhdef the inert | .
atﬁoéphere to distill the water/tolﬁéne azeotrbpe. The flaskiwas refilléd
with toluene (2x15 ml) ahd cooled to 30°-40°C after the }asf distiilation."‘

At tﬁis temperature DBB (31.20 g, 132’mmol) and cupfoﬁslchloride (0;04 g,’ ‘:"

0.4 mmol) were added to the flask. ’The fractionation columﬁ was féplated:‘, 

by a reflux con&enser, and thé flaék was heatéd to 170°Ckuntil TLC (CH2C12) 
indicated fhe presence of BPDS. Only (Equation 2) was present:by TLC'at 17 h;ﬁ,v {
>A£ 18.5 h mplecular sieves (Linde SA, 200 °'g) were édded to aﬁsorb any watér‘, R
present. No BPDS was formed by TLC at 22 h. An édditionai amount of : : k? j;n
cuprous chloride (6.04 g, 0.4 mmol) was édded at 24 h.»iNb BPDS waé{férmed: o

by 41 h based on TLC.
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Reaction of DBB, SDP, K2003, CuCl, CTAB and Ethylene Glycol (Run #153)

To a 100 ml three-necked roundbottom flask fitted with reflux condenser,
nitrogen inlet, and thermometer were added ethylene glycol (22.4 g, 361 mmol),
potassium carbonate (3.32 g, 24 mmol), and anhydrous sodium sulfate (10.00 g,
70 mmol). The solution was stirred vigorously at room temperature under a
nitrogen atmosphere for five minutes before the addition of SDP (1.00 g, 4 mmol).
The solution again was stirred for 10 minutes before DBB (31.20 g, 132 mmol),
CTAB (0.15 g, 0.4 mmol), and cuprous chloride (0.04 g, 0.4 mmol) were added
to the flask. The f}ask was heated to 170°C under nitrogen until TLC on a
silica strip, which was activated in a 100°C oven for one minute and
developed first in methylene chloride and then in ethyl ether, indicated thé

presence of BPDS or (Equation 2). A slight amount of (Equation 2) was
present and no BPDS was formed by TLC at 67 h.

Reaction of DBB, SDP, 2,6-Lutidine and CuCl2 (Run #141)

.

To a 50 ml three-necked roundbottom flask fitted with reflux condenéer,
nitrogen inlet, and thermometer was added DBB (29.25 g, 124 mmol). The
reactant was stirred under a nitrogen atmosphere at room temperature before
the addition of 2,6-lutidine (9.42 g, 88 mmol). This solution was also
stirred for 10 minutes under nitrogen at room temperature before the
addition of SDP (1.00 g, 4 mmol) and cupric chloride (0.05 g, 0.4 mmol).

The flask was heated to an internal temperature of 160°C. The solution
darkened to a deep oxblood color upon heating. No BPDS or (Equation 2) was
present in the reaction after 20.5 h by TLC analysis. After 3 h additional

reflux at 170°C, no BPDS or (Equation 2) was formed.
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Reaction of DBB, SDP, 2,6-Lutidine, CuCl and BTAC (Run #144)

To a dry 25 ml three—necked'roundbottom flask fitted nith refiuxpdﬂ
.condenser, nitrogen inlet, and thermometer were"added DBB (15.60 g,766 mnol)
and‘2,6—1utidine (0.64 g, 6 mmol). The solution wasfstirred for 10'minutesf
under a n1trogen purge before the addltion of SDP (0 50 g, 2 mmol),

BTAC (0.06 g, 0 3 mmol), and cuprous chlorlde (06.02 g, 0.2 mmol) vThe
flask was heated to an internal temperature of 170 C under nitrogenruntil
TLC (CH cl ) indicated the formatlon of BPDS and (Equatlon 2) 7 By 18 h
(Equation 2) was formed; by 42 h BPDS, OBPDS, and the cleavage product

(Equation 3) was formed

Reaction of DBB, SDP, 2,4,6-Collidine, CuCl, and CTAB (Run #147)

- To a 25 ml three—necked roundbottom flask fitted with reflux condenser,f'” i

nitrogen 1nlet,'and thermometer were added DBB (15.60 g, 66 mmol) and

2,4, 6—c0111d1ne (0. 73 6 mmol) The solution was stirred under a nitrogen
atmosphere at room temperature before the addition of SDP (0.50 g, 2 mmol)
and cuprous chloride (0 02 g 0.2 mmol) ‘The flask was heated4to an‘ ;
1nterna1 temperature of 170°C under n1trogen until the presence of BPDS or
- (Equation 2) was indicated by TLC. The following proceduredwas established‘
for the TLC of the reaction: an aliquotv(l—Z:ml) of the reaCtion,ﬁaa |
.quenched in.1:1 12 NvHC1;,water and the organic products were‘extracted
with methyleneochloridev(S ml);.the organic layer Waskspotted on a eilica‘
strip, and the'strip was activated in a 100°C oven for'one minute’before
elution with methylene chloride Since no reaction had occurred by 26 h,
‘another quantity of cuprous chloride (0 02 g, 0.2 mmol) was added.f Some'
(Equation 2) was formed by 42 h. CTAB (0 29 g, 0.8 mmol) was added to the
reaction at 44 h. By 51 h more (Equatlon 2) was formed but no BPDS was |

present after 69 h of reaction. ‘
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Reaction of DBB, SDP, 2,4,6-Collidine, CUC1l, and CTAB (Run #148)

To a 25 ml three-necked rouﬁdﬁottom flask fitted with reflux condenser,
nitrogen inlet, and thermometer were charged DBB (15.60 g, 66 mmol) and
2,4,6-collidine (0.73 g, 6 mmol). The solution was stirred under a
nitrogen atmosphere at room temperaturé before the addition of SDP (0.50 g,

2 mmol), CTAB (0.07 g, 0.2 mmol), and cuprous chloride (0.02 g, 0.2 mmol). The
flask was heated to an internal temperature of 170°C under nitrogen. .At 19 h

some (Equation 2) was detected by TLC analysis, but no BPDS was formed by 91 h.

Reaction of DBB, SDP, 2,4,6-Collidine and Cu,0 (Run #154)

To a 25 ml thrge;necked roundbottom flask fitted with a reflux condenser,
nitrogen inlet, and thermometer were charged DBB (31.20 g, 132 mmol), and
2,4,6-collidine (1.45 g, 12 mmol). The solution was stirred at room temperature

under a nitrogen atmosphere before the addition of SDP (1.00 g, 4 mmol) and
cuprous oxide (0.06 g, 0.4 mmol). The flask was heated to 170°C under
nitrogen until the presence of BPDS or (Equation 2) was indicated by TLC

(CH2C12) on an activated silica strip (Experimental, Run #147). Although

BPBS was formed as early as 16 h, very little was present after 24 h. Additional
cuprous oxide (0.52 g, 3.6 mmol) was added to make an equimolar amount with

SDP. More BPDS was formed by 40 h of reaction as indicated by TLC. After

the reaction was stopped at 65 h, the flask residue wés quenched in 10%

sulfuric acid (100 ml) and extracted with methylene chloride (2x50 ml). The
organic layer was washed with water énd stripped to dryness by rotary
evaporation. The residue was chromatographed on a silicé column (5 cm dia. x

’36 cm L) using carbén tetrachloride to remove the residual DBB. The BPDS/

OBPDé was removed from the column with 4:1 carbon tetrachloride:methylene

chloride, and (Equation 2) was stripped with 4:1 methylene chloride:ethyl ether.
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A yield of 0.33 ¢ (15%) BPDS was obtalned after evaporatlon to dryness mp'143— blﬂf
8 - . N

145° C mass spectrum, m/z (relative 1nten31ty) 563 (78 M+1 Br) 562
81 . ,
(67, M, 81 Br), 561 (100, M+1, 1Br 7 “Br), 560 (77, M, 81Br 7 “Br ) 559
(76, w1, "Pmr), 558 (32, W, Br) 313 (30, I~ArOAr8 Br), 311 (27 ' M-ArOAT 7931:)';

1H NMR 66.9-8.1 (m, aromatic, 16 H)

General Preparation of BPDS/OBPDS U51ng Excess Cuprous Oxide and 2, 4 , 6- Collidine o
To an appropriate three—necked roundbottom flask fitted with reflux
‘condenser nitrogen inlet, and thermometer were added SDP (4 00 g, 16 mmol),
cuprous oxide (4.61 g, 32 mmol), 2, 4 6—collid1ne (12 l 24 2 g, 100—200 mmol)
(Table 2), and a sultable quantlty ‘of DBB (Table 2). The solution was stirred
“under nitrogen at room temperature for lOVminutes oefore being heateditoyl70°cg e
As the temperature waa inereased, a series of color ehangeslwere'obaervedr‘,at
'room temperature the'solution was a brilliant briek red; at 80°C the color was
a dull brick red; by 150°C the solution was a deep magenta, at 170 C the
solution was black - The flask was maintained at 170 C uﬁder a n1trogen>

atmosphere untll the reaction was complete by TLC (CH2 2 l ethyl

ether:hexane) (Experimental, Run #147). The collidine and remaining DBBm
“were removedifrom the black residue“bp rotary evaporation'under redncedi,,
pressure at 17050. The residue was then dried for A‘h’on the rotarp
evaporator under the same'pressnrekand temperature eonditions ’The‘residne

| was dissolved in a minimal amount of methylene chlorlde and the solutlon was
poured intofcarbon tetrachloridet(ZSO ml). The mthylene chloride and 50 ml

of carbon tetrachloride were distilled from the solution,<the volume was -

refilled to 250 ml carbon tetrachloride, and 50 ml more of carbon tetrachloride - B

was distilled from the solutionQ The solution was hot filtered through

Kieselguhr (50 g) packed in a coarse porosity frittedoBuchnerrfunnel.‘
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Most of the copper solids were captured in the‘frit while the filtrate was
lightened to a clear brown solution. The filtrate was extracted by adding
12 N HC1 (2x50 ml) at room temperature, heating the solution to 50°C for

0.5 h and separating. The HCl layers were green and the carbon tetrachloride
was lightened to honey yellow. After washing with water (2x100 ml), the
carbon tetrachloride was extracted wi£h 10% aqueous potassium hydroxide
(2x50 ml), separated, and washed with water (3x100 ml). After drying on
magnesium sulfate (15.00 g), the carbon tetrachloride was removed by rotary
evaporation at reduced pressure to yield the crude BPDS/OBPDS residue. A
‘portion of the residue (ca. 0.50 g) was then chromatographed on a silica gel
column (2 cm dia. x’25 cm L) using carbon tetrachloride to remove residual
DBB, 2:1 carbon tetrachloride: methylene chloride to remove BPDS, 10:1
methylene chloride:carbon tetrachloride to remove OBPDS, and 2:1 methylene
chloride:ethyl ether to remove residual (Equation 2). The fractions were
dried by rotary evaporation and then dried in a 60-90°C oven at reduced

pressure for 6 h. Analysis of BPDS: crystallized from CH C12/Hexane (powder),

2
mp 146-147°C; IR (film) 3100-3060, 1580 (aromatic), 1320 (802), 1240 (ArOAr),

- 1
1150 et (802) (Figure 4); "H NMR 66.9-8.2 (m, aromatic, 16 H) (Figure 5);

mass spectrum, m/z (relative intensity) 563 (81, M+1, SlBr), 562 (69, M, SlBr),

81 7 8
561 (100, M+l, CiBr '°Br), 560 (77, M, S Br ' Br), 559 (81, M+l, ' Br),

7
558 (31, M, 79Br), 483 (30, M+1, 81Br), 482 (20, M, 81Br), 481 (31, MH1, 9Br),
7

9Br); Anal. Calc'd for C24H16048br2: C, 51.43; H, 2.86; S, 5.71;

Br, 28.54. Found: C, 51.58; H, 2.60; S, 5.73; Br, 28.57.

480 (12, M,

Analysis of the DS : oil; . ' :
alysis of the OBPDS dimer: oil; Anal. Cale'd for C42H2808SZBr2
C, 57.01; H, 3.17; S, 7.24; Br, 18.10. Found: C, 57.27; H, 2.92;

S, 7.24; Br, 20.47.
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Analysis of the OBPDS trimer:'crystalliZed from CH C1'/hexane‘(powder),"

' 4° 1. 0 S Br:cC, 6H331 6
mp 98-104°C; Anal. Calc'd for C60H40 1283 r2 59.60 S 7.9

"Br, 13.23. Found: C, 59. 85 H 3.06; S, 8.01; Br, 13. 36
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